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TITLE OF THE INVENTION 

METHOD AND APPARATUS FOR DETECTING RADIAL TILT 
CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application claims the benefit of Korean Patent Application No. 2002-40401 , filed 
on July 11, 2002, in the Korean Intellectual Property Office, the disclosure of which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The present invention relates to a method of, and an apparatus for, detecting radial tilt 
of a disc. 

2. Description of the Related Art 

[0003] Tilt, which is a reference value representing tilt of a disc, is classified into a radial tilt 
and a tangential tilt. The radial tilt represents a tilt of the disc in a radial direction thereof, and 
the tangential tilt represents a tilt of the disc in a circumferential direction thereof. The tilt can be 
measured from an angle between an incident direction and a reflected direction of a laser beam 
which is perpendicularly incident on a disc surface. Thus, the tilt is expressed by an angle. In 
the case of DVDs, the radial tilt should be 0.8 degree or less, and the tangential tilt should be 
0.3 degree or less. 

[0004] A disc drive has a control system which moves a laser beam spot to a target track by 
maintaining the laser beam on a recording surface of the disc, a control system which moves a 
laser beam spot to follow a target track by maintaining the laser beam on a recording surface of 
the disc, and a control system which rotates the disc. The control systems are called a focusing 
and seek servo control system, a tracking servo control system, and a rotating servo control 
system, respectively. 

[0005] The accurate detection of the radial tilt of the disc is important to the operation of 
these servo control system, since precise servo control may be performed when the radial tilt is 
accurately detected resulting in smooth reproducing and recording of the disc. 
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SUMMARY OF THE INVENTION 

[0006] The present invention provides a method of, and an apparatus for, efficiently detecting 
radial tilt. 

[0007] According to an aspect of the present invention, a method is provided for detecting a 
radial tilt of a disc. Phases of summed signals a1+c1 and b1+d1 obtained from signals a1, b1, 
d , and d1 received by external light-receiving units of an octant photo diode are compared, 
generating an external phase comparison signal Do. Phases of other summed signals a2+c2 
and b2+d2 obtained from other signals a2, b2, c2, and d2 received by internal light-receiving 
units of the photo diode, are compared, generating an internal phase comparison signal Di. The 
radial tilt is detected based on the internal and external phase comparison signals Di and Do 
obtained when a laser beam crosses a track on the disc. 

[0008] According to another aspect of the present invention, when detecting the radial tilt, a 
level value Rs of the internal phase comparison signal Di is read when a level value of the 
external phase comparison signal Do is substantially zero. When detecting the radial tilt, the 
read value Rs may be multiplied by a proportional constant k to calculate a radial tilt value. 

[0009] According to another aspect of the present invention, an apparatus is provided for 
detecting a radial tilt of a disc. The apparatus includes a pickup unit, a phase comparator, and a 
tilt detector. An octant photo diode is mounted in the pickup unit. The phase comparator 
compares phases of summed signals a1+c1 and b1+d1 obtained from signals a1, b1, c1, and 
d1 that external light-receiving units of the octant photo diode receive to generate an external 
phase comparison signal Do, and compares phases of other summed signals a2+c2 and b2+d2 
obtained from signals a2, b2, c2, and d2 that internal light-receiving units of the octant photo 
diode receive to generate an internal phase comparison signal Di. The tilt detector detects the 
radial tilt when a laser beam crosses a track on the disc, based on the internal and external 
phase comparison signals Di and Do generated by the phase comparator. 

[0010] According to still other aspects of the present invention, a disc drive is provided in which 
the tilt detector is mounted, and a disc recording/reproducing apparatus in which a disc drive is 
mounted. 
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[0011] Additional aspects and advantages of the invention will be set forth in part in the 
description which follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] These features and/or other aspects and advantages of the invention will become 
apparent and more readily appreciated from the following description of the embodiments taken 
in conjunction with accompanying drawings in which: 

[0013] FIG. 1 is a schematic view of a disc drive according to an aspect of the invention; 

[0014] FIGS. 2 and 3 are schematic views of light-receiving surfaces of an octant photo diode 
that is mounted in a pickup unit 1 ; 

[0015] FIGS. 4 and 5 are block diagrams illustrating phase comparison signals generated by 
a phase comparator 22; 

[0016] FIG. 6 is a view illustrating a path through which a laser beam crosses a track; 

[0017] FIG. 7 is a view showing an internal phase comparison signal Di and an external 
phase comparison signal Do produced by a phase comparator ; 

[0018] FIG. 8 is a graph showing the relationship between an Rs value and radial tilt; 

[0019] FIGS. 9A-9D and 10A-10B are graphs showing the relationship between various 
conditions and the Rs value; 

[0020] FIGS. 11A-C illustrate changes in the internal and external phase comparison signals 
Di and Do according to a radial tilt value changed when a laser beam crosses the track; 

[0021] FIGS 12A-12C show the internal and external phase comparison signals Di and Do 
obtained by the radial tilt when the laser beam repeatedly crosses the track with tracking servo 
control turned off; and 

[0022] FIG. 13 is a flowchart explaining a method of detecting the radial tilt according to an 
aspect of the invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0023] Reference will now be made in detail to the embodiments of the present invention, 
examples of which are illustrated in the accompanying drawings wherein like reference 
numerals refer to the like elements throughout. The embodiments are described below in order 
to explain the present invention by referring to the figures. 

[0024] FIG. 1 is a schematic view of a disc drive according to an aspect of the present 
invention. Referring to FIG. 1, the disc drive includes a pickup unit 1 and a servo controller 2. 
The pickup unit 1 has a semiconductor laser which radiates a laser beam onto a disc 100 and 
an octant photo diode as a light-receiving unit which receives the laser beam reflected from the 
disc 100. The octant photo diode has a plurality of, i.e., eight light-receiving units. 

[0025] The servo controller 2 includes a phase comparator 21 generating a phase comparison 
signal based on a signal supplied from the pickup unit 1 and a tilt detector 22 detecting radial tilt 
based on the phase comparison signal generated by the phase comparator 21 . The phase 
comparator 21 compares phases of summed signals a1+c1 and b1+d1 obtained from signals a1, 
b1, c1, and d1 that external light-receiving units of the octant photo diode mounted in the pickup 
unit 1 receive, to generate an external phase comparison signal Do. Also, the phase comparator 
21 compares phases of summed signals a2+c2 and b2+d2 obtained from signals a2, b2, c2, and 
d2 that internal light-receiving units of the octant photo diode receive, to generate an internal 
phase comparison signal Di. The tiltdetector 22 detects the radial tilt based on the external and 
internal phase comparison signals Do and Di. 

[0026] FIGS. 2 and 3 show light-receiving surfaces of the octant photo diode mounted in the 
pickup unit 1 . Referring to FIG. 2, the octant photo diode has eight light-receiving units. The 
outer light-receiving units are called external light-receiving units and the inner light-receiving 
units are called internal light-receiving units. The external light-receiving units receive signals 
a1.b1.c1, and d1, respectively, and the internal light-receiving units receive signals a2, b2, c2, 
and d2, respectively. 

[0027] According to one aspect of the invention, the light-receiving surfaces of the external 
and internal light-receiving units may be rectangular, although other geometries are possible. In 
one aspect of the invention, the rectangular shapes of the light-receiving surfaces of the internal 
light-receiving units are all substantially the same and the rectangular shapes of the light- 
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receiving surfaces of the external light-receiving units are all substantially the same. Also, two 
sides of the light-receiving surfaces of the internal light-receiving units and two sides of the light- 
receiving surfaces of the external light-receiving units disposed in a track direction (t direction) 
of the disc are substantially identical. The other two sides of the light-receiving surfaces of the 
external light-receiving units that are disposed to be perpendicular to the track direction (t 
direction) of the disc may be longer than the other two sides of the light-receiving surfaces of the 
internal light-receiving units that are disposed to be perpendicular to the track direction (t 
direction) of the disc. 

[0028] Referring to FIG. 3, requirements for forming light-receiving surfaces will now be 
illustrated. The internal light-receiving units receive none or a portion of a -1 st -order and 1 st - 
order light beams of the light beams reflected from the disc 100, and the external light-receiving 
units receive 0 th -order and -1 st -order light beams or 0 th -order and 1st-order light beams. In the 
embodiment described with reference to FIG. 3, boundary lines l\ and 12 are set so that the 
internal light-receiving units receive only the 0 th beam, and not the 1 st -order light beam. 
However, the boundary lines £1 and £2 may be alternately set so that the internal light-receiving 
units receive a portion of the -1 st -order or 1 st -order light beam. 

[0029] FIGS. 4 and 5 are views showing phase comparison signals generated by the phase 
comparator 21 . 

[0030] The phase comparator 21 includes a phase comparison block as shown in FIGS. 4 
and 5. The phase comparison block produces summed signals of input signals a1 , b1 , d , d1 , 
a2, b2, c2, and d2, calculates a difference in AC components between two summed signals, 
and outputs a phase comparison signal. As shown in FIG. 4, an external phase comparison 
signal Do is obtained by comparing phases of summed signals a1+c1 and b1+d1 of signals that 
the external light-receiving units of the octant photo diode receive as described with reference to 
FIGS. 2 and 3. As shown in FIG. 5, the internal phase comparison signal Di is obtained by 
comparing phases of summed signals a2+c2 and b2+d2 of signals that the internal light- 
receiving units receive. 

[0031] FIG. 6 is a view explaining a path through which a laser beam crosses a track. When 
the pickup unit 1 crosses a track formed in the disc 100, the laser beam travels along a path P 
shown in FIG. 6. Since the disc 100 rotates, the path P is inclined not perpendicular to the 
track. 
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[0032] FIG. 7 is a view showing the internal phase comparison signal Di and the external 
phase comparison signal Do produced by the phase comparator 22, with an example 
wavelength of a laser beam of 405nm, numerical aperture (NA) of 0.85, and the track pitch (TP) 
of 0.32. Hereinafter, graphs are provided under the similar example conditions for ease of 
illustration in explaining an aspect of the invention, but in no way to limit possible wavelengths 
or number of signals that may be compared. 

[0033] When the pickup unit 1 follows the track, the internal and external phase comparison 
signals Di and Do have values close to zero. However, when the pickup unit 1 travels along the 
path shown in FIG. 6, i.e., when the pickup unit 1 crosses a track, the internal and external 
phase comparison signals Di and Do describe substantially cosine and sine curves, 
respectively. When the pickup unit 1 crosses the track, the internal and external phase 
comparison signals Di and Do have opposite phases. A level value of the external phase 
comparison signal Do becomes zero when passing a 1/2 track pitch. However, a point of time 
that a actual level value of the external phase comparison signal Do becomes zero is not 
necessarily equal to a point of time that the external phase comparison signal Do passes a 1/2 
track pitch. An error may occur between the points of time due to noise and when the level 
value of the external phase comparison signal Do becomes zero, a level value of the internal 
phase comparison signal will have a value that is not zero. This value is termed an Rs value. 

[0034] FIG. 8 is a graph showing a relationship between the Rs value and the radial tilt. 
Referring to FIG. 8, it can be seen that the absolute magnitude of an Rs value is substantially 
inversely proportional to the radial tilt. In other words, the radial tilt is given by equation 1 , 
where k is a proportional constant: 

Radial Tilt = k*Rs (1) 

[0035] FIGS. 9A-9D and 10A-10B are graphs showing example relationships between 
various conditions and the Rs value. Here, the average Rs value is an average obtained by 
measuring an Rs value five times. 

[0036] FIG. 9A shows the relationship between detrack and the Rs value. The detrack value 
indicates whether the pickup unit 1 follows a track, i.e. whether the laser beam spot deviates 
from the center of the track. A zero value indicates that the laser beam spot is located in the 
center of the track. Values of ±d1 , ±d2, or ±d3 represent the deviation ranges of the laser beam 
spot from the track center, and as the value increases, the deviation range increases. For 
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example, a detrack pitch of 10% represents that the laser beam spot deviates from the track 
center by 1 0% of the track pitch. In FIG. 9A, it can be seen that the Rs value is not substantially 
affected by variations of detrack. 

[0037] FIG. 9B shows the relationship between defocus and the Rs value. The defocus 
value indicates an amount the focus of the laser beam of the pickup unit 1 is defocused. A zero 
value indicates that the laser beam is precisely focused. Values of ±df1 , ±df2, or ±df3 represent 
the defocusing range of the laser beam, and the magnitude increases, as the defocusing range 
increases. In FIG. 9B, it can be seen that the Rs value is also not substantially affected by the 
defocus magnitude. 

[0038] FIG. 9C shows the relationship between tangential tilt and the Rs value. In FIG. 9C, it 
can be seen that the Rs value is also not substantially affected by the magnitude of tangential 
tilt. 

[0039] FIG. 9D shows the relationship between the thickness of the disc and the Rs value. 
Values of zero, ±t1 , ±t2, and ±t3 represent the thickness of the disc with a larger value 
representing a thicker disc. In FIG. 9D, it can be seen that the Rs value is also not substantially 
affected by the thickness of a disc. 

[0040] The example illustrated in FIG. 10A is substantially identical to the examples of FIG. 8 
and FIG. 10B showing the relationship between the radial tilt and the Rs value with a detrack 
pitch of 10%. In FIG. 10B, it can be seen that although the detrack of 10% is present, the Rs 
value is substantially proportional to the radial tilt. Thus, although the laser beam deviates from 
the track, i.e., the pickup unit 1 does not follow the track, the radial tilt can still be obtained from 
the Rs value. 

[0041] FIGS. 11A-11B show changes in the internal and external phase comparison signals 
Di and Do according to changes in a radial tilt value when the laser beam crosses a track. 

[0042] FIG. 11 A shows the internal and external phase comparison signals Di and Do 
obtained when the radial tilt value is -1.0 degree. When the level value of the external phase 
comparison signal Do is zero, the Rs value is positive. In other words, when the radial tilt value 
is -1 .0 degree, the Rs value is positive. 
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[0043] FIG. 11 B shows the internal and external phase comparison signals Di and Do 
obtained when the radial tilt is zero. When the level value of the external phase comparison 
signal Do is zero, the Rs value is also zero. In other words, when the radial tilt value is zero, the 
Rs value is also zero. 

[0044] FIG. 11C shows the internal and external phase comparison signals Di and Do 
obtained when the radial tilt is +1 .0 degree. When the level value of the external phase 
comparison value Do is zero, the Rs value is negative. In other words, when the radial tilt is 
+1.0 degree, the Rs value is negative. 

[0045] FIGS. 12A-12C show the internal and external phase comparison signals Di and Do 
obtained according to the radial tilt when the laser beam repeatedly crosses the track without a 
tracking servo control. 

[0046] FIG. 12A shows the internal and external phase comparison signals Di and Do 
obtained when the radial tilt value is -1 .0 degree. When the radial tilt value is -1 .0 degree, level 
values of upper and lower envelopes of the internal phase comparison signal Di are biased 
upward. 

[0047] FIG. 12B shows the internal and external phase comparison values obtained when 
the radial tilt value is zero. When the radial tilt value is zero, the level values of upper and lower 
envelopes of the internal phase comparison signal Di are symmetrical with respect to zero. 

[0048] FIG. 12C shows the internal and external phase comparison signals Di and Do 
obtained when the radial tilt value is +1 .0 degree. When the radial tilt value is +1 .0 degree, the 
level values of upper and lower envelopes of the internal phase comparison signal Di are biased 
downward. 

[0049] When the graphs of FIGS. 12A-12C are enlarged and the level value of the external 
phase comparison signal Do is zero, the Rs value may be obtained as described with reference 
to FIGS. 11A-11C. However, in FIGS. 12A-12C, it can be seen that the radial tilt can be 
calculated based on the characteristics shown in the graphs when the laser beam repeatedly 
crosses the track without the tracking servo control and the bias of the level values of the upper 
and lower envelopes of the internal phase comparison signal Di. The radial tilt can be detected 
by measuring changes in a peak-to-peak value or a central value (the middle value of the peak- 
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to-peak value) of the internal phase comparison signal Di and determining a proportional 
constant based on the measured changes. 

[0050] After the tilt detector 22 detects the radial tilt, the drive 2 may generate a 
compensation signal based on the detected radial tilt and perform a servo control. 

[0051] A method of detecting the radial tilt according one aspect of the present invention will 
now be described based on the above-described structure. 

[0052] FIG. 1 3 is a flowchart explaining a method of detecting the radial tilt according to one 
aspect of the present invention. Referring to FIG. 13, in operation 1301, phases of the summed 
signals a1+c1 andb1+d1 obtained from signals a1, b1, d, and d1 that the external light- 
receiving units of the octant photo diode receive, are compared to generate the external phase 
comparison signal Do. In operation 1302, the phases of the summed signals a2+c2 and b2+d2 
obtained from signals a2, b2, c2, and d2, that the internal light-receiving units of the octant 
photo diode receive, are compared to generate the internal phase comparison signal Di. In 
operation 1303, the radial tilt is detected based on the internal and external phase comparison 
signals Di and Do obtained when a laser beam crosses a track formed in a disc 100. Operation 
1303 can be realized by reading the level value Rs of the internal phase comparison signal Di 
when the level value of the external phase comparison signal Di is zero, multiplying the read Rs 
value by the proportional constant k, and calculating the radial tilt. 

[0053] According to other aspects of the present invention, the previously described disc 
drive 2 may be mounted in disc recording/reproducing apparatuses such as computers, DVD 
players, and the like. Thus, when recording/reproducing data connected on/from the disc, the 
performance of the disc recording/reproducing apparatuses can be improved. 

[0054] As described above, according to aspects of the present invention, methods of, and 
apparatus for, detecting the radial tilt based on the internal and external phase comparison 
signals Di and Do obtained when the laser beam crosses the track are described. The Rs value 
may be used as a reference value for detecting the radial tilt according to the present invention, 
as the Rs value is not substantially affected by other conditions detrack, defocus, the thickness 
of the disc, and tangential tilt, and is substantially proportional to the radial tilt. Thus, the the 
radial tilt may be accurately detected . In particular, since the Rs value is proportional to the 
radial tilt even when a detrack is present, the characteristics of the radial tilt may be accurately 
determined. 
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[0055] According to another aspect of the invention, the servo controller includes a computer 
implementing the method in FIG 13 using data encoded on a computer readable medium. 

[0056] Although a few embodiments of the present invention have been particularly shown 
and described, it would be appreciated by those skilled in the art that changes may be made 
therein in these embodiments without departing from the principles and spirit of the invention, 
the scope of which is defined in the claims and their equivalents. 
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